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ABSTRACT 
A S  a r e s u l t  of  t h e  a c q u i s i t i o n  o f  u p r i g h t  p o s t u r e ,  a d a p t a t i o n  t o  
m u s c u l a r  exercise seems t o  b e  u n i q u e  i n  man. It  i n v o l v e s  e r e d i s t -  
r i b u t i o n  o f  t h e  c a r d i a c  o u t p u t  m e d i a t e d  by t h e  s y m p a t h e t i c  sys tem 
towards  p r i o r i t y  o r g a n s  which a p p a r e n t l y  d o  n o t  i n c l u d e  t h e  p r e g n a n t  
u t e r u s .  - T h i s  c o u l d  e x p l a i n  t h e  p o o r  t o l e r a n c e  o f  t h e  human f e t u s  t o  
m a t e r n a l  exercise. The h y p o t h e s i s  is s u p p o r t e d  by t h e  independence 
o f  a d e t r i m e n t a l  e f fec t  o f  work f r o m  t h e  e f fec t  of  m a t e r n a l  n u t r i t i o n  
and by a n  i n f l u e n c e  o f  m a t e r n a l  p o s t u r e  i n  l a t e  pregnancy on i t s  o u t -  
cane .  P o s s i b l e  r e l a t i o n s  be tween m a t e r n a l  a c t i v i t y  b e f o r e  and d u r i n g  
l a t e  pregnancy and  p e r i n a t a l  m o r t a l i t y  a r e  d i s c u s s e d  i n  t h e  c o n t e x t  a f  
t h i s  h y p o t h e s i s .  
. 
INTRODUCTION 
B i r t h  w e i g h t ,  s t i l l b i r t h  ra te  a n d  n e o n a t a l  m o r t a l i t y  a re  i n f l u e n c e d  
by t h e  soc ia l  class of t h e  mother .  T h i s  was a p p a r e n t  f r o m  t h e  f i r s t  
s t a t i s t i c s  of t h e  n i n e t e e n t h  c e n t u r y  (1) and remained so a f t e r  a h i g h  
s t a n d a r d  of p e r i n a t a l  care became a v a i l a b l e  f o r  the  m a j o r i t y  o f  t h e  
p o p u l a t i o n  (21. H i s t o r i c a l l y ,  t h e  first fac tor  t o  have  been  i n c r i m -  
i n a t e d  t o  e x p l a i n  t h i s  was t h e  h i g h  l e v e l  of p h y s i c a l  a c t i v i t y  o f  
women of low soc io-economic  s t a t u s  in t h e  l as t  weeks o f  pregnancy ( 3 ) .  
E a r l y  t h i s  c e n t u r y .  social measures were t a k e n  i n  a l l  i n d u s t r i a l i z e d  
c o u n t r i e s  t o  allow p r e g n a n t  women t o  s t o p  t h e i r  i n d u s t r i a l  work and 
t h i s  p o s s i b l e  c o n t r i b u t i o n  t o  p e r i n a t a l  m o r t a l i t y  i s  c o n s i d e r e d  t o  
have p r o g r e s s i v e l y  d i s a p p e a r e d  a l t h o u g h  it is  well known t h a t  d o m e s t i c  
work is  sometimes more p h y s i c a l l y  demanding t h a n  o c c u p a t i o n a l  work, 
e s p e c i a l l y  i n  low income g r o u p s  (4). 
Many d e c a d e s  l a te r ,  when n u t r i t i o n  emerged a s  a s c i e n c e ,  it was 
s u g g e s t e d  t h a t  t h i s  social d i s t r i b u t i o n  of p e r i n a t a l  m o r t a l i t y  c o u l d  
b e  t h e  consequence  of a p o o r  m a t e r n a l  n u t r i t i o n  i n  u n d e r p r i v i l e g e d  
g r o u p s ,  even though most o b s t e t r i c i a n s  of t h e  time u s e d  t o  g i v e  
r e s t r i c t i v e  a d v i c e  t o  t h e i r  w e a l t h y  p a t i e n t s  
. 
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t h i s  would improve f e t a l  w e l l b e i n g .  If n u t r i t i o n  i s  t a k e n  i n  i t s  wid- 
es t  c o n t e x t  imply ing  t h e  growth ,  h e a l t h  and  a d u l t  s ize  of t h e ' m o t t i e r ,  
i t s  i n f l u e n c e  on b i r t h  w e i g h t  i s  i n d i s p u t a b l e  ( 5 1 .  The effect  of d i e t  
t a k e n  d u r i n g  pregnancy on  t h e  o t h e r  hand i s  less w e l l  s u b s t a n t i a t e d .  
B i r t h  weight  h a s  been shown t o  b e  d e p r e s s e d  by a reduced  f o o d  i n t a k e  
o n l y  i n  v e r y  unusual  c i r c u m s t a n c e s  s u c h  as wartime f a m i n e s  (6) or  by 
r a d i c a l  a l t e r a t i o n s  o f  t h e  u sua l  d i e t  (71 ,  a n d  f o o d  s u p p l e m e n t a t i o n  
of Women of poor  socio-economic l e v e l  h a s  had d i s a p p o i n t i n g  results. 
S i n c e  i t  does  n o t  seem p o s s i b l e  t o  e x p l a i n  a l l  v a r i a t i o n s  o f  b i r t h  
w e i g h t  a s s o c i a t e d  w i t h  soc io-economic  s t a t u s  by d i f f e r e n c e s  of food  
i n t a k e ,  t h e  f irst  f a c t o r  t o  have b e e n  i n c r i m i n a t e d  a t  t h e  t u r n  of t h e  
c e n t u r y ,  namely t h e  l e v e l  o f  m a t e r n a l  a c t i v i t y  d u r i n g  pregnancy  s h o u l d  
b e  r e c o n s i d e r e d .  
e v o l u t i o n a r y  c o n s i d e r a t i o n s  r e g a r d i n g  f e t a l  g r o w t h .  
E v o l u t i o n a r y  a s p e c t s  of f e t a l  n u t r i t i o n  
An i n a d e q u a t e  u t e r o - p l a c e n t a l  b l o o d  flow r e s u l t i n g  from m a n ' s  a c q u i s -  
i t i o n  o f  u p r i g h t  p o s t u r e  h a s  been  p r o p o s e d  r e c e n t l y  a s  a p o s s i b l e  
cause o f  t h e  s l i g h t  f e t a l  g r o w t h  f a l t e r i n g  w h i c h  o c c u r s  t o w a r d s  t e r m  
(81. T h i s  view g i v e s  p h y s i o l o g i c a l  b a c k i n g  t o  t h e  e m p i r i c a l  b e l i e f  
among o b s t e t r i c i a n s  t h a t  t h e  f e tus  b e n e f i t s  from t h e  m a t e r n a l  r e s t , a t  
t h e  end o f  pregnancy and s u p p o r t s  e a r l y  i d e a s  a b o u t  t h e  social  d i s t -  
r i b u t i o n  of  b i r t h  w e i g h t s .  
That  e a r l y  h y p o t h e s i s  is now s u p p o r t e d  by some 
Dur ing  exercise t h e r e  i s  a m a s s i v e  r e d u c t i o n  o f  vascular p e r i p h e r a l  
r e s i s t a n c e s  (91 and a d e c r e a s e  of b l o o d  volume [ I D ) .  I n  a n i m a l s  a 
d r o p  o f  blood p r e s s u r e  i s  p r e v e n t e d  by a n  i n c r e a s e  i n  t h e  c a r d i a c  
o u t p u t  (III. 
b e  a b l e  t o  m a i n t a i n  b lood  p r e s s u r e  p r e s u m a b l y  as a r e su l t  of a n  
i n e f f i c i e n t  venous r e t u r n  l i m i t i n g  t h e  c a r d i a c  o u t p u t .  A t  a l l  
e v e n t s ,  it i s  a s s o c i a t e d  w i t h  a v i s c e r a l  v a s o c o n s t r i c t i o n  media ted  
by t h e  s y m p a t h e t i c  sys tem (91 .  
t h i s  r e a c t i o n  d o e s  not  p r o t e c t  t h e  p r e g n a n t  u t e r u s  : i n  e x p e r i m e n t a l  
a n i m a l s  u t e r o - p l a c e n t a l  b lood  f low i s  d e p r e s s e d  by s y m p a t h e t i c o m i m e t i c  
d r u g s  [12-151. I n  e v o l u t i o n a r y  terms, t h e  p u r p o s e  o f  t h i s  r e a c t i o n  
was presumably t o  keep b l o o d  p r e s s u r e  s t a b l e  i n  r a r e  emergency 
s i t u a t i o n s  such  as  f i g h t ,  a g g r e s s i o n  o r  acute b l o o d  loss  s i n c e  i t  i s  
o n l y  t h e n  t h a t  i t  i s  a c t i v a t e d  i n  a l l  o t h e r  mammals (161. 
assume t h a t  main tenance  o f  p l a c e n t a l  b l o o d  f low i s  n o t  a p r i o r i t y  
i n  t h e s e  c i r c u m s t a n c e s .  
e t i c  sys tem t o  r e g u l a t e  h i s  b l o o d  p r e s s u r e  a d e p r e s s i n g  effect  o f  
t h i s  r e a c t i o n  on p l a c e n t a l  p e r f u s i o n  may we l l  have  p e r s i s t e d ,  s i n c e  
e v o l u t i o n a r y  changes are l i k e l y  t o  be slow f o r  f u n c t i o n s  of no 
immedia te  s u r v i v a l  v a l u e  (171. - 
I n  u p r i g h t  man however  t h i s  r e a c t i o n  d o e s  n o t  seem t o  
C o m p a r a t i v e  e v i d e n c e  s u g g e s t s  t h a t  
One may 
A l t h o u g h  man re l ies  h e a v i l y  on  t h e  sympath-  
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' S i n c e  f e t a l  n u t r i t i o n  i's l a r g e l y  d e p e n d e n t  on p l a c d n t a l  blood f l o w  (181, 
th i s .  p e c u l i a r i t y  o f  human p h y s i o l o g y  makes it l i k e l y  t h a t  m a t e r n a l  exer- 
c i se  a t  t h e  end o f  pregnancy  w i l l  r e s u l t  i n  f e t a l  d e p r i v a t i o n  and t h a t  
t h i s  effect  i s  i n d e p e n d e n t  o f  m a t e r n a l  n u t r i t i o n a l  s ta tus .  T h i s  sugg- 
ests a l s o  t h a t  t h e  s t a n d i n g  p o s i t i o n  which  by i t se l f  a f fec ts  venous 
r e t u r n ,  d e c r e a s e s  plasma volume and ac t iva t e s  t h e  s y m p a t h e t i c  system 
( 9 ) .  h a s  t h e  same ef fec t .  T h a t  i n t e r p r e t a t i o n  which assumes t h a t  
muscles have  p r i o r i t y  o v e r  u t e r o - p l a c e n t a l  c i r c u l a t i o n  i n  t h e  d i s t r i b -  
u t i o n  of c a r d i a c  o u t p u t  a l s o  i m p l i e s  t h a t  p h y s i c a l  per formances  are  n o t  
a l t e r e d  d u r i n g  pregnancy .  
I n  t h e  c o n t e x t  o f  t h i s  h y p o t h e s i s  w i t h  i t s  v a r i o u s  i m p l i c a t i o n s  f o r  t h e  
soc i a l  d i s t r i b u t i o n  o f  b i r t h  w 'e ights  and  p e r i n a t a l  m o r t a l i t y  some 
o b s e r v a t i o n s  made b e f o r e  t h e  i n t r o d u c t i o n  o f  modern l e g i s l a t i o n  and 
some s t u d i e s  o f  t h e  p h y s i o l o g y  o f  exercise  d u r i n g  pregnancy  d e s e r v e  
r e - e x a m i n a t i o n .  
Need f o r  r e s t  i n  l a t e  p r e g n a n c y  
The need f o r  rest a t  t h e  end of p r e g n a n c y  was f i r s t  s u g g e s t e d  i n  1895 
by t h e  F r e n c h  o b s t e t r i c i a n  A. P i n a r d  ( 3 ) .  He n o t i c e d  t h a t  t h e r e  was 
a d i f f e r e n c e  i n  mean b i r t h  w e i g h t  o f  28Og be tween i n f a n t s  born  t o  
m o t h e r s  who nad s p e n t  a t  l e a s t  t e n  d a y s  a t  rest i n  a P a r i s i a n  C o u n c i l  
r e f u g e  f o r  t h e  i n d i g e n t  and  t h o s e  whose m o t h e r s  came d i r e c t l y  t o  t h e  
m a t e r n i t y  h o s p i t a l  f o r  d e l i v e r y .  H i s  s a m p l e s  c o n s i s t e d  o f  500 con-  
s e c u t i v e  b i r t h s  i n  e a c h  g r o u p .  
who r e s t e d  compr ised  69% p r i m i g r a v i d a e  which  s u g g e s t s  t h a t  t h i s  group 
had a n  excess o f  f i rs t  b i r t h s  compared t o  t h e  g e n e r a l  p o p u l a t i o n ,  s o  
He r e p o r t e d  t h a t  t h e  group o f  m o t h e r s  
t h a t  t h e  d i f f e r e n c e  be tween t h e  two s a m p l e s  might  b e  u n d e r e s t i m a t e d .  
T h i s  f irst  o b s e r v a t i o n  was c o n f i r m e d  s h o r t l y  a f t e r w a r d s  by L. L e t o u r -  
n e u r  (191 whose Work i s  u n i q u e  i n  t h a t  h e  p u b l i s h e d  a l l  h i s  d a t a  and 
i t  is p o s s i b l e  t o  tes t  s t a t i s t i c a l l y  h i s  a s s e r t i o n s  o n  t h e  effect  of 
rest ( T a b l e  1). I n  a n o t h e r  m a t e r n i t y  home, i n  V i e n n a ,  a few y e a r s  
l a t e r  a s i m i l a r  e f fec t  o f  m a t e r n a l  res t  on  b i r t h  w e i g h t  was r e p o r t e d  
by P e l l e r  (ZOl(Tab1e 21. 
The effect  of res t  i n  a m a t e r n i t y  home on  b i r t h  w e i g h t  was a p p a r e n t l y  
a s s o c i a t e d  w i t h  a d r a m a t i c  r e d u c t i o n  i n  p e r i n a t a l  m o r t a l i t y .  
d a t a  (211  a r e  numerous enough t o  t e s t  t h i s  a s s o c i a t i o n  ( T a b l e  31. 
The r e p o r t e d  d e c r e a s e  i n  s t i l l b i r t h  r a t e  c a n  o n l y  b e  e x p l a i n e d  sat is-  
f a c t o r i l y  by a n  improvement o f  f e t a l  w e l l b e i n g  i n  t h e  l a s t  weeks o f  
pregnancy .  
r e p o r t e d  i n  t h e s e  m a t e r n i t y  homes were a t  l ea s t  p a r t l y  due t o  improved 
f e t a l  growth .  * 
P e l l e r ' s  
T h i s  s u g g e s t s  t h a t  t h e  d i f f e r e n c e s  o f  b i r t h  w e i g h t  
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Factors  i n f l u e n c i n g  Mean va lue o f  t h e  
b i r t h  weight e f f e c t  
Rest be fo re  d e l i v e r y  + 202g i f  more than 
Level  o f  s i g n i f i c a n c e  Standard 
e r r o r  
p. less than 0.001 
P a r i t y  + 193g i f  mother 37g 
Sex o f  t he  newborn + 1oog for boys 37g 
Nature o f  maternal  + 15g i f  n o t  phys i -  38g 
mu 1 t i p a r a  
work c a l l y  demanding 
p .  less than 0.001 
p. l e s s  than 0.01 
n o t  s i g n i f i c a n t  
I. 
TABLE 1. Factors  i n f l u e n c i n g  b i r t h  weight i n  Letourneur 's  m a t e r i a l  f rom 627 d e l i v e r i e s  i n  
P a r i s  i n  1896 us ing  a m u l t i p l e  regress ion.  
The mean b i r t h  weight o f  a g i r l  born f rom a p r im ig rav ida  w i t h  a demanding p ro fess ion  was 
2889g i n  the  absence o f  r e s t .  
Among women who had a p h y s i c a l l y  demanding p ro fess ion  [cooks, housemaids ....... 1 t h e  e f f e c t  
o f  rest was t o  increase b i r t h  weight by 238g compared t o  161g among mothers w i t h  l e s s  t i r i n g  
work (needlewomen, f l o r i s t s  ....... I .  This  d i f f e r e n c e  between these two groups i s  n o t  
s i g n i f i c a n t .  
___ . . . . .  ~ ._. . . . . . . . . . . .  - - ........ 
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Number o f  cases D u r a t i o n  B i r t h  w e i g h t  
Boys Girls 
1380 Less t h a n  2 d a y s  321 6g 31 07g 
576 A t  l e a s t  1 week  3334g 3234g 
TABLE 2.  
g r a v i d a e  on b i r t h  w e i g h t  [Vienna  1 9 1 7 ) .  
Although t h e  s t a n d a r d  d e v i a t i o n  o f  b i r t h  w e i g h t  i s  n o t  r e p o r t e d ,  t h i s  
d i f f e r e n c e  would a p p e a r  t o  b e  s i g n i f i c a n t  i f  o n e  assumes t h e  u s u a l  
v a l u e .  
Effect o f  s o j o u r n  i n  a m a t e r n i t y  home o f  unmarr ied p r i m i -  
S t i l l b i r t h  N e o n a t a l  
cases d e a t h s  
D u r a t i o n  o f  s t a y  Number of 
Less t h a n  2 d a y s  1 9 2 s  4.7% 4.8% 
Between 2 and  7 2 2 3  5.8% 4.0% 
d a y s  
1.9% I 1.9% 417 I Between 8 and 28 d a y s  
More t h a n  2 8  d a y s  2 0 3  2.3% 0.5% 
X2 = 2 5  p less t h a n  0.01 
TABLE 3. 
m o r t a l i t y  (Vienna ,  19311. 
Effect o f  d u r a t i o n  o f  s t a y  i n  a m a t e r n i t y  home on p e r i n a t a l  
These e a r l y  s t u d i e s  i n  m a t e r n i t y  homes r e s u l t e d  i n  t h e  i n t r o d u c t i o n  of 
s o c i a l  l e g i s l a t i o n  r e s t r i c t i n g  m a t e r n a l  work i n  i n d u s t r i a l i s e d  c o u n t -  
r ies a t  t h e  b e g i n n i n g  of t h e  c e n t u r y .  
t h e y  compared women o f  low s o c i o - e c o n o m i c  s ta tus  who were a b l e  t o  rest  
c o m p l e t e l y  w i t h  similar women c o n t i n u i n g  p h y s i c a l l y  demanding a c t i v i t y .  
T h i s  presumably  e x p l a i n s  why t h e  d i f f e r e n c e s  i n  b i r t h  w e i g h t s  or p e r i -  
n a t a l  m o r t a l i t y  r e p o r t e d  i n  t h e s e  s t u d i e s  were l a r g e r  t h a n  i n  l a t e r  
s u r v e y s  which  compared w o r k i n g  women p r o t e c t e d  by s o c i a l  laws w i t h  
housewives whose d o m e s t i c  c h o r e s  p r e v e n t  c o m p l e t e  rest. 
It may be  a r g u e d  t h a t  we d o  n o t  know how t h i s  e a r l y  material  was 
c o l l e c t e d  and  t o  what e x t e n t  it i s  r e l i a b l e .  Some e v i d e n c e  s u g g e s t s  
however, t h a t  it was of good q u a l i t y ,  A n a l y s i s  o f  L e t o u r n e u r ' s  d a t a  
shows a d i s t r i b u t i o n  o f  b i r t h  w e i g h t s  h i g h l y  c o n s i s t e n t  w i t h  p r e s e n t  
They have  a s p e c i a l  v a l u e  as 
i 
. . . . . .  . . . .  
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experience and a relation between birth weight and sex of the newborn 
and parity very similar to what was to be described many decades later 
(221. Finally, differences in stillbirth rate comparable to those 
mentioned early this century in maternity homes have been recently re- 
ported from Zaire in a subsistance farming community in which a similar 
institution has persisted (231. 
Selection of women coming to these maternity homes may be a more serious 
obstacle to interpreting the data from these early studies. It cannot 
be assumed a p r i o r i  that women who came to rest were randomly selected. 
A cause and effect relation between rest in a maternity home and low 
perinatal mortality cannot be considered to be proved by data which 
could be biased by some unknown confounding factor. 
suggest, however, that these institutions were effective : they were 
basically charities se t  up to help unsupported poor women and it is 
likely therefore that they recruited subjects mainly from the most de- 
prived social groups which are known to have a higher risk of perinatal 
mortality. Moreover, they had a large proportion of unmarried women 
(22) and as previously mentioned an excess of primigravidae. Differ- 
ences in birth weights and perinatal mortality can therefore reasonably 
be attributed to the improvement of living conditions that mothers-to- 
be enjoyed in these institutions. 
Some details 
Independence of the effect of rest from maternal nutrition 
It could be argued that the observed effect of a sojourn in a maternity 
home on birth weight is the result of improved maternal nutrition due 
to a better diet and a reduction of energy expenditure. That maternal 
nutrition has some influence on fetal growth was shown during World War 
II in Holland when famine resulted in a depression of birth weights (51. 
Restrictive diets given a few years ago by some obstetricians to prevent 
pre-eclampsia had the same effect (6) and this allows the same conclusion. 
namely that reducing the usual diet of pregnant women depresses birth 
weight. It does not follow, however, that increasing their spontaneous 
food intake will have the reverse effect, Attempts to do so has had 
disappointing results so far and even in deprived communities, maternal 
dietary supplementation seems to have had much less effect on birth 
weight than had the admission to a maternity home early this century. 
A carefully controlled study in a poor rural community in Guatemala 
showed that maternal protein intake has no influence on birth weight 
(241. 
ing different levels o f  supplementation were self selected does not 
allow a precise assessment of the influence_ of energy intake. Its 
data, however, suggest that unlimited availability of food supplement 
during pregnancy resulted in a mean birth weight increase in the experi- 
mental villages of only 50g. This result is similar to another 
nutritional intervention in Colombia with randomized samples of supple- 
mented and unsupplemented women [ Z 5 ) .  The full term newborn infants 
The design of this survey in which the groups of women receiv- 
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of supplemented  women w e i g h e d  on a v e r a g e  50g more t h a n  t h e  c o n t r o l s .  
T h i s  d i f f e r e n c e  wes n o t  s i g n i f i c a n t  e x c e p t  i n  t h e  male sub-sample.  
Women i n v o l v e d  i n  t h e s e  s t u d i e s  had a g r o s s l y  d e f i c i e n t  food  i n t a k e  
compared t o  t h e  F.A.O./W.H.O. recommendation (261. I n  i n d u s t r i a l i z e d  
c o u n t r i e s  no s u p p l e m e n t a t i o n  e x p e r i m e n t  w i t h  s a t i s f a c t o r y  methodology 
h a s  e v e r  r e s u l t e d  i n  a s i g n i f i c a n t  i n c r e a s e  i n  t h e  mean b i r t h  w e i g h t ,  
even i n  p o o r e r  s o c i a l  g r o u p s .  
T h i s  l a c k  of s p e c t a c u l a r  e f fec t  o f  f o o d  s u p p l e m e n t a t i o n  d u r i n g  preg-  
nancy on  b i r t h  weight  i s  n o t  s u r p r i s i n g  c o n s i d e r i n g  t h a t  even i n  
d e p r i v e d  communi t ies  o f  d e v e l o p i n g  c o u n t r i e s ,  most b r e a s t  f e d  i n f a n t s  
grow s a t i s f a c t o r i l y ,  a t  l e a s t  d u r i n g  t h e  f i r s t  t h r e e  months o f  l i f e  
(271. T h i s  makes it u n l i k e l y  t h a t  t h e i r  growth in utero was l i m i t e d  
by i n s u f f i c i e n t  m a t e r n a l  f o o d  i n t a k e .  L a c t a t i o n ,  n u t r i t i o n a l l y  i s  
more demanding t h a n  p r e g n a n c y  (281 and s h o u l d  b e  i m p o s s i b l e  i f  mat- 
e r n a l  reserves were e x h a u s t e d  by t h e  demands o f  t h e  fetus.  T h i s  
s u g g e s t s  t h a t  t h e  s l i g h t  i n c r e a s e  o f  b i r t h  w e i g h t s  o b s e r v e d  a f t e r  
s u p p l e m e n t a t i o n  i n  d e p r i v e d  communi t ies  i s  more l i k e l y  t o  b e  due  t o  
a n  e x t r a  t r a n s f e r  o f  g l u c o s e  t o  t h e  fe tus ,  p e r h a p s  w i t h  no o t h e r  
b e n e f i t  t h a n  extra f a t  s t o r e s  (291, r a t h e r  t h a n  t o  t h e  c o r r e c t i o n  o f  
t h e  e n e r g y  b a l a n c e .  T h i s  makes i t  l i k e l y  t h a t  t h e  a p p a r e n t  effect  
o f  res t  a t  t h e  end o f  p r e g n a n c y  on f e t a l  growth i s  n o t  d u e  t o  t h e  
c o r r e c t i o n  o f  a n  e n e r g y  d e f i c i t  i n  s u p p o s e d l y  malnour i shed  women. 
That  c o n c l u s i o n  is  s u p p o r t e d  by  L e t o u r n e u r ' s  comments i n  t h e  n i n e -  
t e e n t h  c e n t u r y .  He n o t i c e d  t h a t  women who d i d  p h y s i c a l l y  demanding 
work and had a r o b u s t  c o n s t i t u t i o n  s u c h  a s  cooks  o r  housemaids had 
i n f a n t s  of l o w e r  b i r t h  w e i g h t  when t h e y  worked t h r o u g h o u t  t h e i r  p r e g -  
nancy t h a n  t h i n n e r  women s u d h  a s  needlewomen or f l o r i s t s  who r e s t e d  
b e f o r e  d e l i v e r y  (191 ( T a b l e  I I .  He c o n c l u d e d  t h a t  t h e  amount o f  
work a t  t h e  end o f  p r e g n a n c y  h a s  more i n f l u e n c e  on b i r t h  w e i g h t  t h a n  
m a t e r n a l  morphology which  i s  c o n t r a r y  t o  a p u r e l y  n u t r i t i o n a l  in ter-  
p r e t a t i o n  o f  b i r t h  w e i g h t  v a r i a t i o n s .  A r e c e n t  s u r v e y  i n  E t h i o p i a  
(301 h a s  come t o  t h e  same c o n c l u s i o n  and r e p o r t e d  d i f f e r e n c e s  i n  
b i r t h  w e i g h t s  a c c o r d i n g  t o  m a t e r n a l  a c t i v i t y  v e r y  s imi la r  t o  t h o s e  
o b s e r v e d  by  L e t o u r n e u r  i n  Paris i n  1896. 
An i n f l u e n c e  o f  work by i t s e l f ,  i n d e p e n d e n t  of e n e r g y  b a l a n c e ,  on 
b i r t h  w e i g h t  was a l s o  s u g g e s t e d  by B a l f o u r  i n  t h e  l a t e  20's  f rom 
o b s e r v a t i o n s  i n  I n d i a  (31). She n o t i c e d  t h a t  t e x t i l e  w o r k e r s  who 
had on a v e r a g e  a h i g h e r  e n e r g y  i n t a k e  (2120 k c a l . / d a y l  t h a n  t h e  
g e n e r a l  p o p u l a t i o n  (1860 k c a l . / d a y l  had newborn i n f a n t s  w i t h  a l o w e r  
b i r t h  w e i g h t  [ T a b l e  41. T h e s e  women u s u a l l y  worked i n  s t a n d i n g  
p o s i t i o n s  b u t  t h e i r  work was n o t ' p h y s i c a l l y  demanding and  t h e  effect  
of work on  b i r t h  w e i g h t  i n  t h i s  c a s e  a l s o  seems u n l i k e l y  t o  b e  d u e  
t o  a n  excess e n e r g y  e x p e n d i t u r e .  M a t e r n a l  m o r t a l i t y  was l o w e r  
among w o r k e r s  and t h i s  s u g g e s t s  t h a t  t h e y  e n j o y e d  b e t t e r  h e a l t h  t h a n  
I t  
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t h e i r  non-working c o u n t e r p a r t s .  F i n a l l y ,  d u r i n g  a several month ' s  
s t r i k e  which ,  o n e  may assume, can o n l y  h a v e  had  u n f a v o u r a b l e  effects 
on  t h e  a b i l i t y  o f  w o r k e r s  t o  buy f o o d ,  t h e i r  mean b i r t h  weight  i n -  
c r e a s e d  s i g n i f i c a n t l y  ( T a b l e  41.  
M i l l  w o r k e r s  
b e f o r e  s t r i k e  
[Group 11 
Number o f  Mean b i r t h  w e i g h t  S t a n d a r d  
cases d e v i a t i o n  
134 2441g 407g 
M i l l  w o r k e r s  
d u r i n g  a n d  
a f t e r  s t r i k e  
[Group .21 
89 2594g + 414g 
Wives o f  m i l l  
w o r k e r s  
[Group 31 
2639g ++ 390g 
~~ 
N o n - i n d u s t r i a l  
f ami 1 ies  
[Group 41 
2767g ++ 446g 
+ p less t h a n  0.05 compared t o  Group 1 
++ p less t h a n  0.01 compared t o  Group 1 
TABLE 4 .  E f f e c t  o f  m a t e r n a l  work on  b i r t h  w e i g h t  i n  I n d i a  [19301. 
The d r a m a t i c  effect  of m a t e r n i t y  homes on  p e r i n a t a l  m o r t a l i t y  i s  e v e n  
more d i f f i c u l t  t o  e x p l a i n  i n  n u t r i t i o n a l  terms t h a n  t h e i r  effect on  
b i r t h  w e i g h t .  
on f e t a l  s u r v i v a l  i s  s t i l l  l a r g e l y  s p e c u l a t i v e  a n d  h a s  been ,  t o  some 
e x t e n t ,  c o n t r a d i c t e d  by t h e  Dutch  f a m i n e  d u r i n g  which  t h e r e  was a 
d e c r e a s e  i n  p e r i n a t a l  m o r t a l i t y  ( 6 ) .  S i n c e  t h i s  t r e n d  was n o t  
s t a t i s t i c a l l y  s i g n i f i c a n t ,  and  t h a t  a s h i f t  i n  t h e  soc i a l  d i s t r i b u t i o n  
o f  p r e g n a n c i e s  may have  b i a s e d  t h e s e  o b s e r v a t i o n s ,  one c a n n o t  re ject  
t o t a l l y  a p o s s i b l e  l i n k  be tween d i e t  a n d  p r e g n a n c y  outcome b u t  it 
seems u n l i k e l y  t h a t  i t  h a s  major c l i n i c a l  i m p o r t a n c e .  
o b s e r v a t i o n s  made t h r o u g h o u t  World War I i n  t h e  m a t e r n i t y  home of 
Vienna (321 d o  n o t  s u p p o r t  t h e  h y p o t h e s i s  t h a t  t h e  f a v o u r a b l e  effect  
o f  t h e s e  i n s t i t u t i o n s  on p e r i n a t a l  m o r t a l i t y  was d u e  t o  t h e  improved 
d i e t  t h a t  t h e  m o t h e r s  r e c e i v e d  from t h m ,  b u t  presumably  t o  rest .  
Vienna  a t  t h e  end of World War I s u f f e r e d  a p e r i o d  of f o o d  s h o r t a g e  
and women i n  t h e  m a t e r n i t y  home had t h e i r  d a i l y  f o o d  i n t a k e  c u t  f rom 
T h a t  m a t e r n a l  d i e t  d u r i n g  p r e g n a n c y  h a s  some i n f l u e n c e  
A t  a l l  e v e n t s .  
I 
I 
i .  
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2850 kcal , /day in'19.13 t o  1800 kcal./,day i n  1978-1919 ahd t h e  pre-war  
l e v e l  was t o  b e  r e c o v e r e d  o n l y  a f t e r  1 9 2 5  ( I ) .  T h i s  r e d u c t i o n  of  f o o d  
a v a i l a b i l i t y  was a s s o c i a t e d  w i t h  a d e p r e s s i o n  o f  b i r t h  w e i g h t s  i n  women 
from t h e  m a t e r n i t y  home a s  well  a s  t h o s e  who came t o  t h e  h o s p i t a l  o n l y  
f o r  d e l i v e r y  ( T a b l e  5 ) .  P e r i n a t a l  d e a t h  r a t e s  o b s e r v e d  d u r i n g  t h e s e  
v a r i a t i o n s  i n  b i r t h  w e i g h t s  remained  r e m a r k e d l y  c o n s t a n t  ( T a b l e  61. 
The r e d u c t i o n  o f  p e r i n a t a l  m o r t a l i t y  i n  t h e  m a t e r n i t y  homes i s  a l s o  
u n l i k e l y  t o  b e  o f  n u t r i t i o n a l  o r i g i n .  
t . '  
1920-1922 D u r a t i o n  o f  s o j o u r n  191 2-1 91 3 1 
i n  a m a t e r n i t y  home Boys Girls Boys Girls 
Less t h a n  2 d a y s  3200g 3104g 3084g 3043g 
A t  l e a s t  one  week 3336g 3186g 3240g 3154g 
TABLE 5. Effect of p o s t - w a r  f o o d  r e s t r i c t i o n  on b i r t h  w e i g h t s  i n  Vienna .  
The s i ze  o f  t h e  samples  is  n o t  ment ioned  i n  t h e  o r i g i n a l  a r t i c l e .  
p u b l i c a t i o n s  from t h e  same a u t h o r  s u g g e s t  t h a t  he  rev iewed on a v e r a g e  
2000 d e l i v e r i e s  a y e a r .  
O t h e r  
D u r a t i o n  o f  s o j o u r n  1912-1913 1920-1922 
i n  a m a t e r n i t y  home S t i l l b i r t h  N e o n a t a l  S t i l l b i r t h  N e o n a t a l  
d e a t h  d e a t h  
Less t h a n  2 d a y s  2.9% 3.5% 3.2% 3.2% 
More t h a n  one  week 1.3% 0.7% 1.3% 0.7% 
TABLE 6 .  
Vienna.  
Effect o f  p o s t - w a r  f o o d  r e s t r i c t i o n  on p e r i n a t a l  m o r t a l i t y  i n  
Same sample  as i n  Table  5. 
I m p o r t a n c e  of  p o s t u r e  d u r i n g  p r e g n a n c y  
A t  t h e  b e g i n n i n g  o f  t h i s  c e n t u r y  many o b s t e t r i c i a n s  r e l y i n g  on e m p i r i c a l  
o b s e r v a t i o n s  a l r e a d y  b e l i e v e d  t h a t  work i n  a s t a n d i n g  p o s i t i o n  i n  t h e  
l as t  weeks o f  pregnancy had u n f a v o u r a b l e  effects on t h e  f e t u s .  Dur ing  
World War I i n  France ,  women i n  a y u n i t i o n  f a c t o r i e s  were exempted f rom 
work i n  t h i s  p o s i t i o n  a s  s o o n  as t h e i r  p regnancy  became a p p a r e n t  (331. 
1165 
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S i t t i n g  
workers 
I 
Number of cases Mean b i r t h  s . d .  S t i l l b i r t h  
w e i g h t  ra te  
236 3468g 537g 6.4% 
! 
S t a n d i n g  
workers  
A few d e c a d e s  l a t e r  i n  E n g l a n d ,  B a l f o u r ,  who had a l r e a d y  suspec ted  t h e  
i m p o r t a n c e  of t h i s  factor a t  t h e  e n d  of h e r  s u r v e y  i n  t h e  t ex t i l e  i n -  
d u s t r y  i n  I n d i a ,  u n d e r t o o k  a n o t h e r  s t u d y  a l s o  i n  t h e  t e x t i l e  i n d u s t r y  
which gave  h e r  t h e  o p p o r t u n i t y  t o  c o n f i r m  t h e  i n f l u e n c e  o f  p o s t u r e  i n  
l a t e  pregnancy  on  b i r t h  w e i g h t  (341 .  S h e  compared i n f a n t s  whose 
mothers  had worked e i t h e r  i n  a s i t t i n g  or a s t a n d i n g  p o s i t i o n  d u r i n g  
pregnancy  and s h e  found t h a t  t h e  former were s i g n i f i c a n t l y  h e a v i e r  
[ T a b l e  71. A d d i t i o n a l  d a t a  on i n c i d e n c e  o f  p r e m a t u r i t y  (presumably 
d e f i n e d  as a b i r t h  w e i g h t  less t h a n  54 l b )  s u g g e s t  t h a t  t h i s  effect  
was g r e a t e r  when work  was c o n t i n u e d  a f t e r  t h e  s i x t h  month o f  pregnancy.  
According t o  t h i s  a u t h o r ,  none  o f  t h e  o c c u p a t i o n s  o f  t h e s e  women c o u l d  
be  looked upon as heavy and  a l l  were a p p a r e n t l y  of t h e  same s o c i a l  
bac  kground. 
' 
~~ ~~ ~ 
I O74 3386g' 476g 20.39- 
S i t t i n g  workers  ( n  = 414)  
S t i l l b i r t h  r a t e  
1 .I% 
These v a r i a t i o n s  o f  b i r t h  w e i g h t  i n  r e l a t i o n  t o  p o s t u r e ,  i n  c o n t r a s t  
t o  t h o s e  induced  by t h e  l e v e l  of f o o d  i n t a k e  seem t o  b e  a s s o c i a t e d  
w i t h  d i f f e r e n c e s  i n  p e r i n a t a l  m o r t a l i t y .  T h i s  i s  s t r o n g l y  s u g g e s t e d  
by B a l f o u r ' s  s t u d y  b u t ,  a l t h o u g h  s h e  r e p o r t s  a t r e b l i n g  i n  s t i l l b i r t h  
r a t e  among s t a n d i n g  w o r k e r s  ( T a b l e  71, h e r  s a m p l e s  had n o t  t h e  r e q u i r e d  
s ize  t o  make t h i s  d i f f e r e n c e  s i g n i f i c a n t .  
(351 a l so  from t h e  t e x t i l e  i n d u s t r y  f u l f i l  t h i s  c r i t e r i o n .  He r e p o r t e d  
a s t i l l  h i g h e r  d i f f e r e n c e  i n  s t i l l b i r t h  ra te  be tween s t a n d i n g  and s i t t -  
i n g  w o r k e r s  which was s t a t i s t i c a l l y  h i g h l y  s i g n i f i c a n t  ( Table  81. 
Data f r o m  H i r s c h  i n  B e r l i n  
~ 
S t a n d i n g  w o r k e r s  ( n  = 2751) - 
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i: . . .  ' Details g i v e n  i n  the t e x t  s u g g e s t  however ,  t h a t  s t a n d i n g  w o r k e r s  t e n d e d  
t o  s t o p  t h e i r  work more o f t e n  o r  e a r l i e r  t h a n  t h e i r  s i t t i n g  c o l l e a g u e s .  
' 
Low p r i o r i t y  o f  u t e r o p l a c e n t a l  c i r c u l a t i o n  d u r i n g  exercise 
P r e g n a n t  women f e e l  s u b j e c t i v e l y  less a b l e  t o  p e r f o r m  exercise e s p e c -  
i a l l y  towards  term (51. T h i s  a p p a r e n t l y  results from t h e i r  u n u s u a l l y  
h i g h  body w e i g h t  and a l t e r e d  b a l a n c e  u n r e l a t e d  t o  a n  i m p a i r e d  o r  a n  
i n s u f f i c i e n t  c a r d i a c  f u n c t i o n .  H e a l t h y  women, even  when t h e y  engage  
i n  s t r e n u o u s  p h y s i c a l  a c t i v i t y  t o w a r d s  term d o  n o t  e x h i b i t  t h e  a s s o c -  
i a t i o n  o f  c l i n i c a l  s i g n s  which  a r e  c h a r a c t e r i s t i c  o f  c i r c u l a t o r y  f a i l u r e .  
Fur thermore .  c a r d i o v a s c u l a r  r e s p o n s e  t o  exercise  s u c h  a s  c y c l i n g  which  
e l iminates  t h e  effect  of t h e  excess of body w e i g h t  i s  n o t  a l t e r e d  i n  
l a t e  pregnancy (361 and t h e  p h y s i c a l  work c a p a c i t y  t e n d s  t o  b e  maximal 
i n  t h e  t h i r d  trimester (371.  
The p o o r  t o l e r a n c e  o f  t h e  human f e tus  t o  maternal exercise a t  a time 
when a p p a r e n t l y  t h e r e  i s  no major impai rment  o f  maternal c a r d i o v a s c u l a r  
f u n c t i o n s  s u p p o r t s  t h e  i d e a  t h a t  u t e r o p l a c e n t a l  b l o o d  f l o w  h a s  a low 
p r i o r i t y  i n  t h e  r e d i s t r i b u t i o n  o f  c a r d i a c  o u t p u t  which o c c u r s  d u r i n g  
muscular  a c t i v i t y .  B e a r i n g  i n  mind t h a t  t h i s  r e d i s t r i b u t i o n  is  
media ted  by t h e  s y m p a t h e t i c  s y s t e m ,  t h i s  i n t e r p r e t a t i o n  i s  c o n s i s t e n t  
w i t h  measurements  o f  b l o o d  f low t o  d i f f e r e n t  o r g a n s  i n  t h e  ewe a f t e r  
p e r f u s i o n  o f  c a t e c h o l a m i n e s  (121. They show t h a t  u t e r o p l a c e n t a l  
p e r f u s i o n  is  among t h e  more s e v e r e l y  d e p r e s s e d .  
P h y s i c a l l y  t r a i n e d  s u b j e c t s  who have  a h i g h  b l o o d  volume a n d  need o n l y  
a minor  d i v e r s i o n  o f  c a r d i a c  o u t p u t  f r o m  t h e  v i s c e r a  d u r i n g  m i l d  exer- 
c i se  (381  s h o u l d  be  t h e o r e t i c a l l y  i n  a b e t t e r  p o s i t i o n  t o  s u s t a i n  
f e t a l  growth  a t  t h e  end o f  p r e g n a n c y .  T h a t  t h i s  may b e  t h e  case a n d  
may b e  c l i n i c a l l y  r e l e v a n t  i s  s u g g e s t e d  by a p r o s p e c t i v e  s t u d y  by 
Erkkola  showing t h a t  women w i t h  a h i g h  p h y s i c a l  work c a p a c i t y  t e n d 3 t o  
have b i g g e r  i n f a n t s  (371. T h i s  p o s s i b l e  effect  o f  p h y s i c a l  t r a i n i n g  
on f e t a l  growth  added t o  t h e  f a c t  t h a t  f i t  women t e n d  t o  h a v e  s h o r t e r  
l a b o u r s  (39.401 s u g g e s t s  t h a t  a p a r t  from l a t e  p r e g n a n c y ,  a n  a c t i v e  
l i f e  c o u l d  b e  a n  a d v a n t a g e  i n  r e d u c i n g  t h e  r i s k  o f  p e r i n a t a l  i n c i d e n t s .  
CONCLUSION 
Relevance  t o  t h e  p r e s e n t  s i t u a t i o n  
I n  t h e  d e v e l o p i n g  c o u n t r i e s ,  most women need t o  c o n t i n u e  p h y s i c a l l y  
demanding d o m e s t i c  c h o r e s  o r  e v e n  a g r i c u l t u r a l  work u n t i l  d e l i v e r y .  
T h i s  i s  a major  p u b l i c  h e a l t h  p r o b l e m  inasmuch a s  i n  t h e  t r o p i c s ,  
h e a t  i s  a n  a d d i t i o n a l  stress f o r  t h e  c a r d i o v a s c u l a r  s y s t e m  n e c e s s i t -  
a t i n g  a n  i n c r e a s e d  l e v e l  of s y m p a t h e t i c  a c t i v i t y  (91.  A l l o w i n g  
women t o  res t  i n  t h e  l as t  weeks  o f  p r e g n a n c y  seems t o  be a p r e -  
r e q u i s i t e  t o  r e d u c e  p e r i n a t a l  m o r t a l i t y  i n  t h e s e  areas .  
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I n  i n d u s t r i a l i z e d  c o u n t r i e s  h a r d  p h y s i c a l  work i n  l a t e  pregnancy h a s  
l a r g e l y  d i s a p p e a r e d  as a r e s u l t  of a p p r o p r i a t e  l e g i s l a t i o n .  P a t t e r n s  , 
of p h y s i c a l  a c t i v i t y  however are s t i l l  c l o s e l y  r e l a t e d  t o  s o c i a l  class.  
Before pregnancy  and d u r i n g  i t s  e a r l y  weeks ,  women i n  low income g r o u p s  
are l i k e l y  t o  have  a more s e d e n t a r y  l i f e  t h a n  t h e  a v e r a g e  s i n c e  t h e y  
e n g a g e  i n  fewer s p o r t i n g  a c t i v i t i e s  a n d  t h e i r  work i s  u n l i k e l y  t o  p r o -  
v i d e  an e q u i v a l e n t  s o u r c e  o f  e n e r g y  e x p e d i t u r e  (21. I n d u s t r i a l  work 
i n  t h e  low income g r o u p s  t e n d s  n o  l o n g e r  t o  b e  d i s t i n g t i i s h e d  by i n t e n s e  
muscular work b u t  r a t h e r  by p r o l o n g e d  s t a n d i n g  o r  l o n g  commuting t ime 
which ,  however ,  s u b j e c t i v e l y  f a t i g u i n g  t h e y  may b e ,  d o  n o t  have t h e  
same p h y s i o l o g i c a l  i m p l i c a t i o n s  as o u t d o o r  le isure  ac t iv i t i e s .  
A l t h o u g h  i n f o r m a t i o n  on m a t e r n a l  a c t i v i t y  a t  home i s  r a t h e r  s c a n t y .  
o n e  c a n  assume t h a t  t h i s  s o c i a l  effect  t e n d s  t o  b e  a l t e r e d  i n  l a t e  
pregnancy .  Rest i s  r e a l l y  p o s s i b l e  o n l y  f o r  women w i t h  s u b s t a n t i a l  
h e l p  a t  home o r  having  a h i g h  s t a n d a r d  of l i v i n g  exempt ing  them from 
t h e  most  demanding d o m e s t i c  c h o r e s .  
These  d i f f e r e n c e s  i n  t h e  u s u a l  l e v e l  o f  p h y s i c a l  a c t i v i t y  and v a r i a -  
t i o n s  i n  t h e  o p p o r t u n i t y  t o  rest i n  l a t e  p r e g n a n c y  are  c o n s i s t e n t  w i t h  
t h e  o b s e r v e d  soc ia l  d i s t r i b u t i o n  of b i r t h  w e i g h t s  a n d  p e r i n a t a l  mor t -  
a l i t y .  Whether  t h i s  f a c t o r  d o e s  p l a y  a r o l e  i n  t h e  p r e s e n t  s i t u a t i o n  
i n  i n d u s t r i a l i z e d  c o u n t r i e s  is  a n  o p e n  q u e s t i o n .  E p i d e m i o l o g i c a l  
s u r v e y s ,  t a k i n g  i n t o  a c c o u n t  t h e  o p p o s e d  effects o f  l o n g  term and 
s h o r t  term p h y s i o l o g i c a l  a d j u s t m e n t s  t o  exercise a n d  t h e  i n f l u e n c e  
of p o s t u r e  i n  l a t e  pregnancy  are n e e d e d  t o  s o l v e  t h i s  problem. 
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